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Study on  p repara t ion  of  po ly(oxe tane)  der ivat ives  
wi th  var ious  s ide  chains  and  the i r  appl i ca t ion  to  
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Run monomer Conv. (%)b) k(Ls-1mol-1) Rfc)
1 C4EO 99 1.30 0.81 
2 MeOEO 99 1.65 0.31 

























Run Monomer Polymer Oligomer 
Mn Mw/Mn Mn Mw/Mn
1 C4EO 7860 2.22 710 1.06 
2 MeOEO 2110 1.57 460 1.15 
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 1.01 g (18 mmol)  5 mL
( )  19.99 g 
(165 mmol)  20 mL  36 mL (550 mL) 15 h
1M HCl
3M HCl 100 mL  100 mL 3
 100 mL 3
( / - 1 : 1, Rf  = 0.39)
























1-(3- )-3- (EDC) 
9.11 g (47.5 mmol)  150 mL 1 h  5.16 
g (39.6 mmol)  11.09 g (39.6 mmol) 4- (DMAP) 0.487 g (3.99 mmol)
 50 mL 24 h 1M HCl 100 mL
2  100 mL 2  100 
mL 2
-
8.19 g (21 mmol) 53 % 86 oC 
0.93 (3H, t, J = 7.3 Hz ) 2.02 (2H, q, J = 7.3 Hz ) 2.61 (6H, 
t, J = 6.1 Hz ) 3.70 (6H, t, J = 6.1 Hz )
4.43, 4.84 (4H, dd, J = 6.1, 195.3 Hz ).  






























































































































































PEO SPE 10-7 S/cm[1]





[7, 9] (Scheme 6-1) ( [10-12]































































































- (Scheme 6-3) SPE








































6.2.2.1  4, 3CEOA, CNEO
4 3CEOA 5 CNEO 2












EDC 4.0 g (21.6 mmol)  30 ml 4 6.05 g (21.6 mmol) 2.0 ml
(23.5 mmol) 48  30 ml 1M 
HCl 30 ml 3  30 ml 3
30 C
( / n- -  1
4) 3.32 g (10 mmol) 44 % 
1H-NMR (CDCl3, ppm) 1.93 (3H, s, -CH3), 2.58 (6H, t, J=6.1 Hz, -CH2CN), 3.68 (6H, t, J=6.1 Hz, 
-CH2CH2CN), 3.87 (6H, s, C-CH2-O), 5.33 (1H, s, CH2=), 5.69 (1H, s, CH2=), 6.09 (1H, s, -NH-).  
13C-NMR (CDCl3, ppm) 18.31 (-CH3), 18.55 (-CH2CN), 59.33 (-CONH-C), 65.66 (-CH2CH2CN), 68.61 
(C-CH2-O-), 117.78 (-CN), 119.72 (CH2=C), 140.62 (CH2=C), 168.49 (-CONH-).  
FTIR (cm-1) 2931, 2883 (-CH3, -CH2-), 2251 (-CN), 3430, 1669, 1517 (-CONH-), 1120 (-O-), 1419, 919 
(CH2=C).  
HRMS(ESI+ M+H) m/z 349.1885 Calcd for C17H25N4O4 m/z 349.1876. 
6.2.3 
6.2.3.1 3CEOA
3CEOA 4.00 g (12.8 mmol)  4 mL
 0.081 mL (0.64 mmol) 30 72 h
 1 mL
6 80 20 h
0.88 g 22 % 
FTIR (cm-1) 2700-3000 (-CH2-, -CH3), 2251 (-CN), 1654, 1522, 1462 (-C=O).  
1H-NMR (CDCl3, ppm) 0.9 (-CH3), 1.6 (-CH2CH3), 2.6 (-CH2CN), 3.6 (-CH2-C-CH2-O-), 3.7 
(-O-CH2CH2CN), 3.8 (-NH-C-[CH2-O-]3). 
6.2.3.2 CNEO
CNEO 4.00 g (23.6 mmol)  4 mL
 0.148 mL (1.18 mmol) 1 min
 1 mL
2 80 2 h 2.09 
g 52 % 
FTIR (cm-1) 2800-3000 (-CH2-, -CH3), 2251 (-CN), 1105 (-CH2-O-CH2-).  
1H-NMR (CDCl3, ppm) 0.9 (-CH3), 1.4 (-CH2CH3), 2.6 (-CH2CN), 3.22 (-CH2-C-CH2-O-), 3.35 
(-CH2-O-CH2CH2CN), 3.61 (-CH2CH2CN). 
6.2.3.3 MCA
MCA (0.61 g, 1.75 mmol) (AIBN)(2.87 mg, 0.0175mmol)
(30 mL) 65 20 h
60 24 h PMCA
 80 mg  13 % 
FTIR (cm-1) 2884, 2937 (-CH3, -CH2-), 2251 (-CN), 1552, 1664, 3435 (-CONH-), 1112 (-O-).  
1H NMR ((CD3)2CO, ppm) 1.29 (2H, C-CH2-C), 2.05 (3H, -CH3), 2.82 (6H, -CH2CN), 3.82 (6H, 






1 mol LiTFSA 0.14 mol Table 6-1
LiTFSA LiBF4 PVDF-HFP Scheme 6-5 PVDF-HFP LiTFSA








P3CEOA(TFSA)(0.14) 25 8 25 
P3CEOA(TFSA)(0.28) 25 16 25 
P3CEOA(TFSA)(0.56) 50 61 50 
P3CEOA(BF4)(1.12) 25 20 25 
PCNEO(BF4)(1.12) 25 15 25 





















Shodex GPC LF-804[ ( )] shodex GPC LF-G[ ( )]
RID-10A[ ( )] LC-10ADVP[ ( )]
1.0 mL/min 30 IR IR Prestige21[
( )] KBr IR
IR Prestige21[ ( )] DuraSampl IR [ ( )]
650~4600 cm-1 4 cm-1
1.5 cm EYELA PRO COOL 
BATH NCB-3100 [ ( )] 20 70
3532-80 CHEMICAL IMPEDANCE METER[ ( )]
DSC 5 mg DSC3100S [
AXS( )] - -100
~100 10 /min
LSV CV [31] (5 5 mm)






PVDF -HFP (P3CEOA < 
PVDF-HFP )
(P3CEOA > PVDF-HFP )
P3CEOA PVDF-HFP 1:1
Fig. 6-1 P3CEOA P3CEOA
P3CEOA(TFSA)(0.56) 20 9.78













1000/ T (1/ K)
Fig. 6-1 Temperature dependence of conductivity for P3CEOA-based electrolyte films. 
Table 6-2 P3CEOA (Tg) P3CEOA Tg -14





Table 6-2 Glass transition temperature of P3CEOA-based electrolyte films 



















Fig. 6-2 Expanded FT-IR spectra (2230-2300 cm-1) of P3CEOA and P3CEOA-based electrolyte films. 
LiBF4 [36] 1
1 10 cm-1 2
15 cm-1 3 23cm-1 4 21 cm-1
P3CEOA
Fig. 6-3 (Table 6-3) Peak 1
Peak 2 1 1








Fig. 6-3 Peak fitting result of the peak attributed to nitrile stretching vibration in P3CEOA(TFSA)(0.14). 
Table 6-3 Peak fitting results of the peak attributed to nitrile stretching mode for P3CEOA-based electrolyte 
films 
Sample Peak 1(%) Peak 2(%) Peak 3(%) 
P3CEOA 100 0 0 
P3CEOA(TFSA)(0.14) 25 60 15 
P3CEOA(TFSA)(0.28) 5 67 28 
P3CEOA(TFSA)(0.56) 0 43 57 
Fig. 6-4 P3CEOA 20 Table 6-3











Conductivity at 293 K (S cm-1)
X=0.14 0.28 0.56





P3CEOA LSV Fig. 6-5











2 2.5 3 3.5 4 4.5 5 5.5 6
Potential/ V vs. Li/ Li+
Scan rate : 1 mV/ s
Temperature : 60
Fig. 6-5 LSV curve at 60  of P3CEOA(TFSA)(0.56). 
P3CEOA Ni
(-1 ~ 2 V vs. Li/ Li+) CV
Fig. 6-6 P3CEOA(TFSA)(0.56) 1 CV
-1.0 ~ 0 V
 0.5 ~ 1.0 V
-1 -0.5 0 0.5 1 1.5 2 2.5
1st
Potential/ V vs. Li/ Li+
50 A/ cm2
Scan rate : 1 mV/ s
Temperature : 60 




PMCA GPC PCNEO Mn 8600 PMCA Mn 5600




Fig. 6-7 P3CEOA(BF4)(1.12) PCNEO(BF4)(1.12)
P3CEOA(BF4)(1.12)
Fig. 6-8 P3CEOA P3CEOA(BF4)(1.12) PCNEO(BF4)(1.12) FT-IR
6.3.1
6.3.1 (Table 6-4)









2.9 3.0 3.1 3.2 3.3 3.4 3.5
P3CEOA(BF4)(1.12)
PCNEO(BF4)(1.12)
1000/ T (1/ K)






Fig. 6-8 Expanded FT-IR spectra(2230~2300 cm-1) of P3CEOA(BF4)(1.12), PCNEO(BF4)(1.12) and 
P3CEOA. 
Table 6-4 Peak fitting results of the peak attributed to nitrile stretching mode for P3CEOA(BF4)(1.12) and 
PCNEO(BF4)(1.12) 







(S/cm) at 20oC 
Tg(oC) 
P3CEOA(BF4)(1.12) 2 80 18 2.00 10-4 -48 
PCNEO(BF4)(1.12) 81 19 - 2.42 10-7 -25 
P3CEOA PMCA
Fig. 6-9 P3CEOA(TFSA)(0.56) PMCA(TFSA)(0.26)
P3CEOA(TFSA)(0.56) Fig. 6-10
P3CEOA P3CEOA(TFSA)(0.56) PMCA(TFSA)(0.26) FT-IR
6.3.1
6.3.1 (Table 6-5)



















Fig. 6-10 Expanded FT-IR spectra(2230~2300 cm-1) of P3CEOA(TFSA)(0.56), PMCA(TFSA)(0.26) and 
P3CEOA. 
Table 6-5 Peak fitting results of the peak attributed to nitrile stretching mode for P3CEOA(TFSA)(0.56) 
and PCNEO(TFSA)(0.26) 







(S/cm) at 20oC 
Tg(oC) 
P3CEOA(TFSA)(0.56) 0 62 38 9.78 10-5 -53 
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